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Introduction
 Bubble columns are cylindrical vessels wherein gas
is sparged, via a distributor, in the form of bubbles,
into liquid or liquid-solid suspension (Slurry BC).
 Bubble columns are the reactor of choice of
numerous applications including oxidation,
hydrogenation, waste water treatment, methanol,
and Fischer-Tropsch (FT) synthesis.
 To meet our industrial sponsors’
needs, a team of graduate students
and
visiting
professors
are
combining Science and Engineering
to investigate hydrodynamics, mixing
behavior, heat and mass transfer in
bubble columns by means of stateof-the-art measuring techniques.

Advantages

Disadvantages

 Absence of moving
parts
 Low maintenance
cost
 Ease of construction
and operation
 Good heat and mass
transfer

 Significant phase
back-mixing
 Difficult to scale-up.
 Difficult to Design
due to complex
interaction among
phases.

(Degaleesan, 1997, Booncheng Ong, 2003.)

Sample reaction systems operated in bubble columns
Product

Feed

Heat of Reaction
– kJ/mol

Pressure - bar

Temperature - °C

Acetaldehyde
Acetone

Ethylene, Oxygen
Propene, Oxygen

-243
-255

3
10-14

120-130
110-120

Ethyl Benzene

Benzene, ethylene

-113

2-4

125-140

Benzoic Acid

Toluene, Air (or Oxygen)

-628

2-3

110-120

n-, iso-butyraldehyde

Propene, Hydrogen,
Oxygen

-118/-147

7-25

90-120

Cumene

Benzene, Propene

-113

7

35-70

Cyclohexane

Benzene, Hydrogen

-214

50

200-225

Cyclohexanol
Cyclohexanone

Cyclohexane, Air

-294

8-15

125-165

Ethylene, Chlorine,
Oxygen

-239

15-20

170-185

Ethylene, Chlorine

-180

4-5

40-70

Acetic Acid

Acetaldehyde, Oxygen

-294

2.3-2.5

50-70

Acetic Acid, Methyl ethyl
ketone

n-Butane, Air

-1270

15-20

180

Vinyl Acetate

Ethylene, Ethyl Acid,
Oxygen

-176

30-40

110-130

Wet air oxidation of sewage
sludge

Sewage sludge, air

-435

50-150

200-300

-210

12-15

250-290

-91

50-100

220-270

1,2 - Dichloroethane

Fischer-Tropsch synthesis
Methanol synthesis

Hydrogen, Carbon
Monoxide
Hydrogen, Carbon
Monoxide

(Source: Schlüter et. al. , 1995)

Internals
• Due the exothermic nature
of the reactions, heat
exchanging internals are
used for cooling.

• The presence of the internals influences reactor’s
hydrodynamics and mixing behavior changing the
nature, yield, product distribution of the reactions
products.

Objectives
Objective 1

Objective 2

• Estimate
the
gas
axial
dispersion (gas back-mixing) in
a bubble column with internals
using a gas tracer technique

• Investigate the effect of SGV
and internals on the gas phase
mixing in bubble columns

Experimental setup
Experimental conditions
 Plexiglas bubble column

 System: Air-water

 Column diameter = 19 cm

Temperature: room Temperature

 Dynamic height = 160 cm

 Pressure: atmospheric

 Distributor = Free area:1.09%

Internals Design

Investigated Parameters
1. Gas velocity:
 3-20 cm/s (Homogenous and
churn turbulent regime)
2. % Internals
 0, 5, and 22 % occluded area.

5% occluded area
Circular pitch: 2 concentric bundles
of 4 and 7 cm radius (12 rods)
(Same as MeOH synthesis)

22% occluded area
Triangular pitch = 2.4 cm (48 rods)
(In the range of percentage of FTS)

Displacement
pump

Developed gas tracer method
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The estimated axial dispersion coefficients reported in this study are
lower than those reported in literature, because the dispersion in the
plenum and the sampling system was considered

Major findings
 The Axial dispersion coefficient increases with increasing the
superficial gas velocity for both empty column and column with
internals.
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 The presence of internals causes decrease in the axial dispersion
coefficient. (up to 35% at SGV 20 cm/s)

Conclusion
 The internals % and configuration can be used to
control gas phase backmixing in bubble columns in
order to optimize product conversion.

 The findings of this work suggest more attention in
considering internals effect on the gas back-mixing
(axial dispersion in ADM) in BC and especially BC reactor
modeling.

